R esearch demonstrates a strong and positive association between provider volume and health outcomes for high-risk surgical procedures. The majority of research on volume-outcome associations has focused on outcomes among high-risk surgical procedures such as pancreatic or esophageal cancer resections. With health Background: We examined the associations of surgeon and hospital volume with total cost, length of stay (LOS), and cost per day for free tissue transfer (FTT) surgeries. Evidence demonstrates a higher likelihood of success for FTT in higher volume hospitals. Little, however, is known about volume-outcome associations for surgical costs and LOS. We hypothesized that higher provider volume is associated with lower cost and shorter LOS. Methods: Using Taiwan's national data (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012), we conducted a retrospective cohort study of all adults 18-64 years of age who underwent FTT during the study period. We used hierarchical regression modeling for our analyses. Our 3 outcome variables were total cost of FTT surgery, LOS in hospital, and cost per day. Results: Except for functional muscle flap, in which LOS was 12 days shorter in high-volume compared with low-volume hospitals (P = 0.017), no association between hospital volume and LOS was found. Contrary to our hypothesis, our results for all FTT cases demonstrate positive associations of medium-volume hospitals (OR = 1.31; CI, 1.11-1.55) and high-volume surgeons (OR = 1.16; CI,1.03-1.32) with total cost and cost per day, respectively. The interactions of hospital volume and surgeon volume show that in medium-and high-volume hospitals, surgeons with the highest volume had the lowest predicted cost per day among hospitals in that category; but all differences in cost were small. Conclusions: There were no substantial variations based on different hospital or surgeon volume in LOS, total cost, or cost per day for FTT operations performed in
care costs rising, there is increasing interest among payers, policy makers, and patient advocate groups in expanding the body of research on volume-outcome associations to a wider range of complex surgical procedures. Recently, some studies have suggested a higher volume led to more efficiency in the surgical process, shorter LOS, and thus less cost. [1] [2] [3] [4] Others, however, demonstrate the opposite association. 5, 6 Longer LOS in the hospital is usually associated with higher costs for an episode of care. However, the association between provider volume and LOS or cost is not as straight forward as those between provider volume and surgical mortality. 1, 7 Free tissue transfer (FTT) is an expensive and resourceintensive procedure, commonly used to reconstruct anatomic defects after removing a cancerous tumor 8 or in the reconstruction of extremity wounds in response to burn, trauma, or digital amputation. [9] [10] [11] With the growing prevalence of conditions requiring microvascular reconstruction to replace a tissue defect such as after breast cancer surgery, research predicts that utilization of FTT operations will continue to increase. 12 For example, hospitals have observed a 2-fold increase in the number of patients undergoing bilateral free flap breast reconstructions over the past decade in concurrence with an increase in the number of contralateral prophylactic mastectomies. 13 Compared with the United States, medical and surgical costs are much lower in Taiwan. For example, in the United States, FTT for breast reconstruction and related care for up to 18 months after surgery incurred a mean total cost of $56,205, 14 whereas the mean resection and reconstruction cost for FTT relating to head and neck cancer (relatively more complicated procedures) are reported to be $9,528 ± 5,051 in Taiwan. 15 Research has shown that the high cost of FTT procedures, regardless of the country in which they are performed, is attributable to the complexity of the procedure and the high risk of complications. 16, 17 In the context of volume-cost associations, a recent study related to pancreaticoduodenectomy indicates that higher hospital volume is associated with lower cost and shorter LOS. 18 However, other studies show contradictory results for other surgical procedures. 19, 20 Little is known about association of provider volume with LOS and cost of FTT procedures.
Using 2001-2012 data from Taiwan's National Health Insurance Research Database (NHIRD), we analyzed the associations of total cost, LOS, and inpatient cost per day for various types of FTT procedures with hospital and surgeon volumes. We hypothesized that higher provider volume are associated with lower cost and shorter LOS. This study has important policy implications for both the regionalization of care and optimal distribution of FTT operations among available hospitals and surgeons performing these complex surgeries.
METHODS

Data
The NHIRD, maintained by the National Health Research Institutes in Taiwan, contains population-based data derived from the medical claims data of the National Health Insurance program. Owing to mandatory enrollment and a single-payer system, this dataset covers more than 99% of Taiwan's population of over 23 million. 21 The NHIRD is the ideal database to use in conducting longitudinal studies to evaluate various treatment outcomes such as cost of treatments and LOS. [22] [23] [24] [25] According to several validity studies, the NHIRD has proven to be a reliable and valid source of information for population-based research. 22, 26 Our institution and the National Taiwan University Hospital Research Ethics Committee approved the protocol for the present study.
We pooled the 2001-2012 NHIRD data to create a large sample of hospitals and surgeons for all patients who underwent an FTT surgery. We linked the claims data with 2001-2012 hospital and surgeon registries to add additional information (such as surgeon's years of experience and hospital status). Patients were defined as those who underwent an FTT procedure and were included in the analysis if they had at least 1 hospital admission with a procedure code of FTT within 365 calendar days and were between 18 and 64 years of age (see table, Supplemental Digital Content 1, which displays List of Free Flap Codes, http://links.lww.com/PRSGO/A574). Throughout, a P value of less than 0.05 was considered to indicate statistical significance. We used SAS version 9.4 for all our modeling and analyses. 
Study Sample
Dependent Variables
LOS in a hospital and cost of inpatient procedure were our main outcomes of interest. LOS was measured in days by using dates of admission to and discharge from the hospital recorded in the claims data. Cost of operation included total costs associated with FTT while the patient was staying in a hospital.
Independent Variables
Our main explanatory variables of interest were hospital and surgeon operative volumes. We categorized hospital and surgeon volume in a similar manner. We first ranked the hospitals and surgeons based on their annual volumes. Then, we categorized the total number of operations performed annually into 3 equal groups for hospitals and surgeons (low, medium, high). For patients, we included age at the time of the operation, gender, number of comorbid conditions based on the Elixhauser comorbidity index within a year of the operation, 27 and type of admission (emergency versus nonemergency). For surgeons, we included the surgeon's years of experience. For hospitals, we included hospital ownership (private versus public) and regional location.
Statistical Analysis
We present the outcomes of our analyses using unadjusted average and partially and fully adjusted regression modeling. We adjusted for patients' age, sex, and number of comorbid conditions in our partially adjusted models. For our fully adjusted regressions, we applied a Generalized Linear Mixed Model, 28 using 3 hierarchical levels. This allowed us to adjust the standard errors for repeated measures of hospital and surgeon characteristics. Level 1 includes patients; surgeons and hospitals were levels 2 and 3, respectively. We fitted different models for each type of FTT procedure, including muscle flap, skin flap, fascia flap, and functioning muscle transfer.
To adjust for the inherent skew in health care costs and inconsistent cost variation (heteroskedasticity), we used gamma and Poisson distributions for cost and LOS measures, respectively. 29 Using the average annual exchange rate, all cost measures were converted from Taiwan's national dollar to U.S. dollar amounts. 30 We then used the Consumer Price Index to inflate all dollar values across the study period to 2015 U.S. dollar values (see 
RESULTS
The distribution of patients, hospitals, and surgeons clustered by hospital volume for FTT is shown in Table 1 . Over a 12-year study period, among individuals aged 18-64 years, skin (18, 750) was the most common and fascia (998) was the least common FTT operation. The majority of hospitals (68-89%) had fewer than 94 annual FTT operations (low volume) and only 3 had more than 156 annual operations (3-9%). More than half (56%) of all surgeons who performed FTT operation worked in lowvolume hospitals (fewer than 94 annual FTTs). Table 2 summarizes characteristics of FTT patients clustered by hospital annual volume. The average age of patients was about 46, and the majority of patients were male (> 70%). More than 90% of all FTT operations were scheduled (versus being emergency operations). The emergency admission rate was low, especially for functional muscle transfer. About 23% of all FTT patients had more than 3 comorbid conditions. However, medium-volume hospitals (between 95 and 156 annual operations) had more patients with 3 or more comorbid conditions (26%) compared with low-volume (23%) and high-volume (21%) hospitals. Table 3 demonstrates predicted LOS in hospital, clustered by annual hospital volume. Depending on the specific type of FTT surgery, the unadjusted average LOS varies between 15 and 37 days, with muscle FTT having the longest (37 days) and functional muscle transfer having the shortest (15 days) LOS. Based on our partially adjusted model for functional muscle transfer, LOS was 12 days shorter in high-volume compared with low-volume hospi-tals (P = 0.017). Except for functional muscle transfer, our results did not indicate any substantial or significant difference in LOS among different clusters of hospitals. Predicted values for total costs of inpatient stay for FTT are presented in Table 4 . The most expensive type of FTT operation was functional muscle transfer that was generally performed for nerve injuries to replace missing muscle function. Our partially adjusted model shows a lower total cost of $4,602 in high-volume compared with low-volume hospitals ($5,663 versus $10,265; P < 0.001) for functional muscle transfer. However, for other types of FTT, higher hospital volume was associated with higher cost. For example, cost of muscle FTT was $2,693 (P = 0.011) and $3,246 (P = 0.001) higher in middle-and high-volume hospitals compared with low-volume hospitals, respectively (using the fully adjusted model). For fascia FTT, cost was higher by $1,830 (P = 0.016) in middle-volume hospitals (with 94-156 annual operations) compared with low-volume hospitals (< 94 annual operations). For all FTT cases (pooled together), there was no significant difference between lowand high-volume hospitals, but the cost of operations was higher by $3,090 (P = 0.003) in medium-compared with low-volume hospitals (using the partially adjusted model). However, in the fully adjusted model, our results did not show any significant volume-based differences in cost.
Sensitivity Analysis
To disentangle the effect of LOS in hospital from cost, we estimated total cost and cost per day (total cost/LOS) for all types of FTTs pooled together. Supplemental Digital Content 8 and 9 show the regression results, with hospital and surgeon volume interaction terms. Our results support our previous findings, showing a positive association (as 1 variable increase the other variable increases as well) between medium-volume hospitals and cost per day (OR = 1.31; CI, 1.11-1.55; P = 0.002; see The adjusted predicted cost per day clustered by the interactions among different volumes of surgeons and hospitals ranged from $283 to $396 (Figure 1 ). Among high-volume hospitals, cost of FTT was lowest among surgeons with high volume ($314 versus $371; P = 0.031). The variations in cost per day among surgeons and hospitals, however, were not substantial.
DISCUSSION
We examined the associations of provider volume (surgeon and hospital) with LOS in hospital, total cost, and cost per day for FTT. Our findings yielded 3 main results. First, we did not find substantial differences in provider volume and LOS in hospital (except for functional muscle transfer, which shows high-volume hospitals had shorter LOS). Second, depending on the type of FTT, the results for association between hospital volume and total cost were mixed. Finally, for all types of FTT, a combination of high-volume surgeons working in high-or mediumvolume hospitals indicated a lower cost per day for surgeries performed in high-and medium-volume hospitals. Nevertheless, the differences in LOS, cost, and cost per day among different volume hospitals and surgeons were insubstantial.
First, our results did not show any associations between LOS and provider volume. Prior research on complex and high-mortality procedures reported mixed results on association between LOS and provider volume. 7, [31] [32] [33] The relative importance of volume-outcome associations might change depending on the specific outcome. For example, although higher provider volume would most probably reduce mortality rates associated with high-risk procedures, 34 it might not necessarily have the same relationship with LOS or cost of operation for the same procedure. 35 Plausibly, in certain procedures, LOS is more related to the nature and complexity of patient's case than to the quality of the hospital. Similarly, our study indicates that LOS was associated with patient characteristics such as comorbidities and the urgency of FTT than with hospital or surgeon volume. Second, our results for association of provider volume and cost of FTT were mixed. For all FTTs-pooled together-our results did not indicate any associations between hospital volume and cost. Having a greater number of physicians/surgeons with a high level of expertise and fully equipped intensive care units, typical attributes of higher-volume hospitals, may affect cost of care in 2 opposing directions. On the one hand, more efficient systems of care may reduce total costs by reducing preventable complications. On the other hand, it is probable that having a more experienced medical team (physicians, nurses, and other staff), advanced infrastructure, and perhaps a large residency program (typical in teaching hospitals) may lead to increases in costs. Typically, in higher volume hospitals, fixed costs would be divided among a greater number of procedures, so the cost should be lower in higher volume compared with lower volume hospitals. This argument might be true for certain procedures such as cardiac surgery where regardless of the number of operations only a certain number of cardiopulmonary bypass machines are required. 35 However, in many surgical procedures, as volume increases certain variable costs associated with the number of intensive care unit beds, nurses, physicians, and staff might increase further, leading to a higher average cost per procedure as volume increases. Our findings did not show any strong association between provider volume and cost of FTT.
Finally, our results indicate small but significant associations between combinations of high-volume surgeons working in high-or medium-volume hospitals with lower costs in those hospitals. Surgeon volume or experience might have a positive effect on not only the success of the operation but postoperative care as well. 36, 37 Providing better postoperative care might lead to a lower rate of complications and therefore lower cost. Having a better structure and process in place to avoid potential complications is more common in high-versus low-volume hospitals. 38, 39 In their recent study, Toomey et al. 40 found a positive association between outcomes of pancreaticoduodenectomies and high-volume surgeons, regardless of hospital volume. They concluded that surgeon volume and experience are better predictors of outcomes than hospital volume as surgeons are the ones who directly engage in the process of care for patients. For FTT, only a combination of highvolume surgeons working in medium-or high-volume hospitals was associated with lower cost of care. This perhaps reveals the combined importance of a surgical team and postsurgical processes in FTT, compared with an isolated effect of one without the other.
Our study had several limitations. Most importantly, owing to differences in policy and culture, many of our findings may not be applicable to the United States. For example, compared with the United States, LOS in hospital after an FTT operation was much longer in Taiwan. 41 Second, we did not control for the complexity of FTT in our models. Similar to other studies on volume-outcome associations that used administrative claims data, we had no way of measuring the complexity of the operation or the severity of the patient's condition. It is plausible that greater complexity of FTT cases in medium-level hospitals is the main driving force behind their higher cost of operation compared with lower volume centers. Although this is an important confounding variable, we controlled for a range of variables used in the literature for risk adjustment (e.g., age, sex, number of comorbid conditions, and urgent nature of the operation). Lastly, owing to a high level of competition among hospitals in Taiwan under its universal single-payer system, complex surgeries such as FTT had been already regionalized. Therefore, our results, not showing any meaningful associations between provider's volume and cost, might be due to a lack of substantial difference in quality between low-and high-volume surgeons and hospital groups. Additionally, hospital stay in Taiwan is not expensive. Often, to attract more patients, hospitals compete with one another by providing a better service and longer LOS. 42 Despite these limitations, this was the first study using 100% of a nation's data to measure both surgeon and hospital volume to find their associations with LOS and cost of operation.
Improving quality and efficiency of care, especially for complex and/or expensive surgical procedures, continues to be a high priority. Quality of care is the most important aspect of an ongoing dialogue on volumeoutcome association. Being a high volume provider is used as a proxy for high quality with a general notion that the more procedures a surgeon or a hospital performs, the higher the probability of improvement in the quality and/or efficiency of the process. However, it is important to note that this is not a causal relationship; it is not clear whether high-volume providers have high volumes because of a higher level of quality or whether their high quality increases the demand for their services (and thus increases their volume). Each of these hypotheses has a different policy implication. However, one thing is clear: regionalization of care may not be the only policy implication associated with positive volume-outcome association. Disseminating the experiences of high-volume surgeons working in high-volume hospitals, techniques and procedures that are applied by high-volume hospitals during the postsurgical process and that lead to better outcomes should be studied and used in other settings as well. 
